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impact of PP requirements on payload science and engineering sensors and detectors.
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RADIATION RISK MITIGATION ROADMAP JPL SOA FY07 FY08 FY09 FY10 FY11

PROJECT MILESTONES   MCR      IAO               PMSR

1.0 System Reliability Model Parts focus

     Systems Level Understanding of Risk Limited Conceptual Basic Improved Enhanced Detail

     Component Life Model (Number of part families 

incorporated)
None Expert Opinion 2/11 3/11 11/11 11/11

     Circuit Life Model (Number of circuit type incorporated)
None None None 2/6 4/6 6/6

     System Elements
None

H-Level 

Abstraction
Characterize Preliminary Interim Interim

     Validation None Plan Preliminary

2.0 Environment & Shielding Model Limited/ 

Qualitative

     External Environment Model Uncertainty: Temporal
Limited/Qualit

ative

Limited/Qualita

tive
High Low

     Environment Model (Proton, Heavy Ion, Directionality, 

Temporal behavior)
None None Plan Preliminary Final

     Shielding Model (Interaction Cross Section, Mass) None None Preliminary Final

3.0 Radiation Design Methods None

   Environment & Shielding Tutorial & Guidelines
Draft Draft Preliminary Final

Final 

(Shielding)

   Electronic Parts and Circuits Tutorial & Guidelines Draft Draft Preliminary Revision Final

   Materials Tutorial & Guidelines Draft Draft Final

   Subsystem & System Design Guidelines
None Initial Design

Fab HW & 

Rad Test
Revision Final

   Radiation Engineering Plan None Draft Preliminary Revision Final

   Bus Core FPGA ASIC Architecture (MSAP) Preliminary Revision

4.0 Detectors & Sensors N/A

     System-level understanding of detector radiation risk Low Medium Medium High

     Determine Rad Env at Detector/component w/ shielding
Preliminary Final

     Science Sensors Assessment & Testing (Visible, 

Infrared, Ultraviolet, etc)

DDD Testing 

Notional Det

TID/DDD 

Testing in Flt-

Like Env

Inst Providers 

Char Flt-Like 

Det

Inst Providers 

Char Flt-Like 

Det

     Engineering Sensors Assessment & Testing (Star 

Tracker)
Preliminary Final

5.0 Parts Evaluation & Testing N/A

    Annealing Effects Evaluation & Guidelines Preliminary Final

    Testing Strategy & Guidelines (ELDRS, Displacement, 

Combined TID/Displacement)

Evaluation & 

Recommendat

ion

Preliminary 

Req Doc
Final Req Doc

    Juno Extended Testing 6 18 22 24

     Device Evaluation & Testing (Non-Volatile Memories, 

FPGA, Power Converters,  Micro-processors/Controllers, 

Data Bus Devices, Linear)

Limited Preliminary Final Final (Linear) Final (Linear)

6.0 Approved Parts & Material List None

    Project Parts Requirements Document Final

     Preferred Parts & Material List (PPML) and Worst Case 

Data sheet (WCD)

150 parts & 

material list 

and 20 WCD

300+ parts & 

material list, 

100+ WCD

Quarterly 

Updates

Quarterly 

Updates

Parts Parametric Design Approach 5/11 part 

families

8/11 part 

families

11/11 part 

families

Systems engineering focus using PRA

Quantitative

 

 

Planetary protection (PP) requirements aim to prevent terrestrial microbial contamination 

on extraterrestrial Solar System bodies, and to protect the Earth and Moon from potential 

extraterrestrial Solar System material contamination returned by such missions.  The 

NASA HQ PP Officer establishes PP requirements based on recommendations set by 

COSPAR, a part of the International Council for Science.  The NASA PP Officer 

imposes the PP requirements on U.S. planetary missions where compliance is 

mandatory.  PP requirements for Europa are a significant challenge.  The final fate of the 

proposed JEO impacting the Europan surface means that the mission would most likely 

be classified as a category III under the current COSPAR and NASA policies.  Therefore, 

our PP compliance approach is a combination of controlled bioburden (by sterilization 
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processing before launch) and exposure to radiation from the Jovian environment prior to 

Europa orbit insertion.  Prior to launch, the preferred method of microbial reduction is 

dry heat microbial reduction (DHMR).  In order to achieve compatibility for the mission 

hardware, it is necessary to consider DHMR (elevated temperature) compatibility in the 

trade studies alongside the radiation resistance.   

 

In this plan, PP compliance is achieved through close coordination and planning between 

the PP requirements and two WBS elements: WBS 4.0 – Sensors & Detectors and WBS 

6.0 – APML.  In the APML, a column designates the PP compliance.  This list would be 

provided to instrument and spacecraft providers to understand the impact of PP 

requirements on payload science and engineering sensors.  Even though, for EJSM, the 

PP activities are not included as part of this work plan, significant interaction with the PP 

activities are anticipated to achieve the compliance for parts and materials selection and 

understanding of the radiation environment for the sensors and detectors.   
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Version 0 Version 1 Version 2 Version 3 Version 4

JPL SOA FY07 FY08 FY09 FY10 FY11

PROJECT MILESTONES  MCR       IAO                 PMSR

MISSION RELIABILITY OVERVIEW

JPL approach to assuring reliability Parts focus

Key Features

     Systems level understanding of risk Limited Conceptual Basic Improved Enhanced Detail

     Reliability uncertainty High High High to Medium Medium Medium to Low Low

     Component margins High/Qualitative High/Quantitative
 Prudent/ 

Quantitative

 Prudent/ 

Quantitative

ENVIRONMENT MODEL

Statistical Model

          Incorporate shielding model* Final

          Remove time dependent uncertainty in radiation 

model at Europa*
Final

COMPONENT LIFE TIME MODELS

Statistical Model None

 Incorporate real parts data 

         Expert opinion High High to Medium Medium Medium to Low Low

         Relevant Juno parts at EJSM levels* Preliminary Final

         EJSM parts at EJSM levels - weakest & interface* Identification Evaluation Preliminary Final

         EJSM parts at EJSM levels - remaining*               Evaluation Evaluation Preliminary

         Number of part families incorporated 2/11 3/11 7/11 11/11

Develop Derating Criteria* Preliminary Interim Interim Final

Input to Instrument AO Preliminary Complete

CIRCUIT LIFE TIME MODEL

Statistical Model None

          Number of circuit type incorporated None None 2/6 4/6 6/6

Circuit level validation Plan Preliminary Final

Analysis & Design Guidelines* Prelim Interim Final

SYSTEM LIFE TIME MODEL

Statistical Model None

           Model for weakest system elements Identify Characterize Preliminary Final

           Extend model to interface system elements Identify Characterize Preliminary Final

           Extend model to other system elements Characterize Improve Preliminary

           Refine system elements with highest sensitivity
Preliminary Interim

System level validation Plan Preliminary

* Performed in other WBS but part of an integrated 

effort

 LIFE TIME MODEL FEATURES AND CAPABILITIES        

SYSTEM RELIABILITY
Capabilities implemented by Version

Systems engineering focus using PRA
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Version 1 Version 2 Version 3 Version 4

JPL SOA FY08 FY09 FY10 FY11

ENVIRONMENT MODEL OVERVIEW

Key Features

     External environment model uncertainty: spatial Basic/ Quantitative Medium Medium-Low Low

     External environment model uncertainty: temporal Limited/Qualitative High Medium

     Uncertainty in shielded environment within the spacecraft Limited/Qualitative High-Medium Medium

ENVIRONEMT MODEL

Proton model Pioneer Data Final

Heavy ion model Pioneer Data Final

Local environment at Europa: directionality None Preliminary Final

Temporal behavior of the radiation environment at Europa None Preliminary Final

Radiation environment estimate for new trajectory N/A Ongoing Ongoing Ongoing Ongoing

Consistent environment estimate between NASA and ESA N/A Final

High energy electron data set

Separate and 

inconsistent data set 

from several 

spacecraft

Final

SHIELDING MODEL

Uncertainty with shielding model

     Interaction cross sections None Initia l Final

     Mass modeling None Initia l Final

GUIDELINES(*)

Tutorial materials for envionment and shielding EE2007 Study Final

Shielding design guideline None Draft Final

IESD mitigation guideline NASA HDBK 4002A Draft Final

ENVORONMENT AND SHIELDING MODEL
Capabilities implemented by Version
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RADIATION RISK MITIGATION ROADMAP JPL SOA FY07 FY08 FY09 FY10 FY11

PROJECT MILESTONES   MCR        IAO                PMSR

3.0 Radiation Design Methods None

   Shielding Tutorial & Guidelines Draft Draft Final

  Charging Mitigation Guidelines Draft Draft Final

   Radiation Design Tutorial & Guidelines Draft Draft Final

FPGA to ASIC Conversion Design Guidelines Draft Draft Preliminary Revision Final

   Materials Tutorial & Guidelines Draft Draft Final

   Subsystem & System (WCA) Design Guidelines

None Initial Design
Fab HW & 

Rad Test

Design 

Iteration & 

Final Rad Test

Final

Long Life Design Guidelines None Draft Preliminary Revision Final

   Radiation Engineering Plan None Draft Preliminary Revision Final

   Bus Core FPGA ASIC Architecture (MSAP) Preliminary Revision
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Figure 2.4b   WBS 4.0 Schedule – Sensors & Detectors 
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RADIATION RISK MITIGATION ROADMAP JPL SOA FY07 FY08 FY09 FY10 FY11

PROJECT MILESTONES MCR         I AO   PMSR

5.0 Parts Evaluation & Testing N/A

    Annealing Effects Evaluation & Guidelines Preliminary Final

    Testing Strategy & Guidelines (ELDRS, Displacement, 

Combined TID/Displacement)

Evaluation & 

Recommendat

ion

Preliminary 

Req Doc
Final Req Doc

    Juno Extended Testing 6 18 22 24

     Device Evaluation & Testing (Non-Volatile Memories, 

FPGA, Power Converters,  Micro-processors/Controllers, 

Data Bus Devices, Linear)

Limited Preliminary Final Final (Linear) Final (Linear)

 

Figure 2.5a   WBS 5.0 Deliverables 
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Parts Evaluation and Testing JPL SOA FY07 FY08 FY09 FY10 FY11

MCR       IAO           PMSR

Data Reduction S/W N/A

Data report requirements Final

LTS2020 S/W Final

Eagle ETS300 Preliminary Final

Advantest 2000 Preliminary Final

Annealing Effects Evaluation N/A

Initial evaluation and recommendations report Final

Plan/Identify device types Preliminary Final

Perform Device testing/complete reports Preliminary Final

Guideline/Requirements for inc. of Annealing Preliminary Final

Testing Strategy N/A

Complete initial ELDRS test evaluation and document 

recommendations
Preliminary Final

Complete initial Displacement test method evaluation and 

document recommendations
Preliminary Final

TID/DD combined effects testing 4

Document Requirements for ELDRS and TID/DD testing Preliminary Final

Testing Strategy N/A

Juno extended testing completion 6 18 22 24

NVMemory Test and Evaluation N/A

BAE CRAM

   Test Plan and procure devices Final

   Perform Rel and Rad testing Preliminary Final

   Report Preliminary Final

Samsung CRAM

   Test Plan and procure devices Final

   Perform Rad testing Preliminary Final

   Report Preliminary Final

MRAM

   Test Plan and procure devices Final

   Perform Rel and Rad testing (COTS and Honeywell) Preliminary Final

   Report Preliminary Final

SDRAM

   Test Plan and procure devices Final

   Perform Rel and Rad testing Preliminary Final

   Report Preliminary Final

FPGA Evaluation N/A

Evaluate available data on FPGAs Preliminary Final

Report findings/recommendations Preliminary Final

Power Converter Test/Evaluation N/A

Obtain devices complete Plan Preliminary Final

Complete report and Recommendations Preliminary Final

uProcessor/Controller Assessment N/A

Perform asesssment Final

Report Recommendations Final

LEON 3 Aeroflex test Preliminary Final

Data Bus Devices N/A

Perform asesssment Final

Report Recommendations Preliminary Final

Linear Devices N/A

Perform asesssment and tests Final

Report Recommendations Preliminary Final
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RADIATION RISK MITIGATION ROADMAP JPL SOA FY07 FY08 FY09 FY10 FY11

PROJECT MILESTONES  MCR        IAO               PMSR

6.0 Approved Parts & Material List None

    Project Parts Requirements Document Final

     Preferred Parts & Material List (PPML) and Worst Case 

Data sheet (WCD)

150 parts & 

material list 

and 20 WCD

300+ parts & 

material list, 

100+ WCD

Quarterly 

Updates

Quarterly 

Updates

Parts Parametric Design Approach 5/11 part 

families

8/11 part 

families

11/11 part 

families

FY2010 FY2011

Task Description Assignee A M J J A S O N D J F M A M J J A S O N D

Generate initial list from existing JUNO parts 

list
Nayla

Initial review, clean-up the list Nayla/Steve

Change format to APML agreed format Nayla

APML list review by parts specialist Specialist group

APML list review by radiation specialist Rad group

Send a copy of the list to 513 for WCD 513

Review list for GIDEP alert Nayla

Organize Parts Control Board Nayla

First release excel format APML

Workshop #2 part selection from APML tutorial

Keep updating APML by adding new parts
PCB Team to 

approve

Evaluate and select data base format PCB Team

Data base Development

Keep updating APML by adding new parts PCB Team

Instrument AO, 300+parts and 50WCD web 

based APML
PCB Team

Update and release APML quarterly PCB Team

FY2009
2008
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